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Magnetic Barrier for Plasma in Chamber Exhaust 



FIELD OF THE INVENTION 

The invention relates generally to plasma chambers used in processes for manufacturing 
semiconductors and other electronic devices. More specifically, the invention relates to apparatus and 
methods for preventing plasma within the chamber from extending through the exhaust passage or 
exhaust channel that couples the chamber to an exhaust pump. 

BACKGROUND OF THE INVENTION 

The series of process steps used to fabricate semiconductors and other electronic devices 
commonly include various plasma processes for depositing or etching films. Such plasma processes 
generally are performed within a vacuum chamber whose interior is maintained at a low pressure by an 
exhaust pump. The pump is coupled to the chamber interior via an exhaust channel. 

There are several reasons that is important to prevent the plasma within the chamber from 
extending through the exhaust channel to the exhaust pump. 

One reason is that a plasma that extends a considerable distance through the exhaust channel 
typically is unstable, which causes the main plasma body adjacent the workpiece to be unstable, as 
evidenced by visible flickering of the light emitted by the plasma. Such instability produces 
unacceptable non-uniformities in the plasma process. 

A second reason it is important to block the plasma from extending to the exhaust pump is to 
protect the pump from corrosion or undesirable deposits. Any component surfaces near the plasma 
body within a plasma chamber generally will be corroded due to bombardment by ions from the 
plasma. In addition, many plasma processes have byproducts which include reactive species that can 
combine to form polymers or other undesirable deposits on components within the chamber that are 
adjacent to the plasma body. To prevent such corrosion and undesirable deposits, it is common 
practice to cover with removable liners the suri'aces of chamber components that are exposed to or 
adjacent to the plasma body. The liners are replaced periodically as they become corroded. 

Typically it is impractical to provide easily replaceable components for the exhaust pump. 
Therefore, a need exists for a plasma chamber design that prevents the plasma within the chamber from 
extending too close to the exhaust pump. 
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Commonly assigned U.S. Patent 5,891 ,350, issued 4/6/99 to Shan et al., discloses a plasma 
chamber design that prevents the plasma from reaching the exhaust pump by interposing a long and 
sinuous exhaust passage between the chamber interior and the pump. One disadvantage of this design 
is that the sinuous exhaust passage creates a pressure drop between the chamber interior and the pump. 
In some applications, this may require an overly expensive pump to achieve a desired low chamber 
pressure. 

SUMMARY OF THE INVENTION 

The invention is a plasma chamber apparatus and method employing a magnet system to block 
the plasma within the chamber interior from reaching the exhaust pump. The chamber includes an 
exhaust passage or exhaust channel between the chamber interior and the pump. 

In one aspect of the invention, the interior of the exhaust channel includes at least one deflector 
that creates turbulence in the flow of exhaust gases. The turbulence increases the rate of collisions of 
reactive species in the gases with the deflector and with the walls of the exhaust channel near the 
deflector. The collisions promote surface reactions among the reactive species so as to produce 
deposits on the walls. This depletes the exhaust gases of the reactive species that tend to produce such 
deposits, thereby greatly reducing or eliminating the concentration of such reactive species in the 
exhaust gases downstream of the deflector, and therefore greatly reducing or eliminating undesirable 
deposits on the components of the exhaust pump. 

In addition, a magnet system is positioned near the deflector so as to produce a magnetic field 
within the adjacent region of the exhaust channel. The component of the magnetic field transverse to 
the direction of exhaust gas flow through the exhaust channel deflects moving electrons so that they are 
more likely to recombine with positive ions, thereby reducing the concentration of charged particles in 
the exhaust gases. 

Since the deflector and the magnetic system both reduce the concentration of charged particles, 
the two in combination can reduce the concentration sufficiently to extinguish the plasma downstream 
of the deflector and magnet system. Specifically, the magnetic field should be strong enough, and the 
turbulence caused by the one or more deflectors should be great enough, so that the combined effects 
of the magnetic field and the deflector prevent the plasma body within the chamber from reaching the 
exhaust pump. 
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The plasma confinement effect of the magnetic field permits the use of a wider and/or less 
sinuous exhaust channel than would be required to block the plasma without the magnetic field. 
Therefore, the pressure drop across the exhaust channel can be reduced in comparison with prior art 
designs that rely entirely on the sinuousness of the exhaust channel to block the plasma. 

In a preferred embodiment, the deflector comprises a protrusion extending into the exhaust 
channel from a wall of the channel. Preferably, the north and south poles of the magnet system are 

positioned within the protrusion. 

In a second aspect of the invention, the magnet system provides a magnetic field that is strong 
enough to block the plasma from reaching the exhaust pump without the necessity of any deflector in 
the exhaust channel. 

A third aspect of the invention is an especially effective design for the magnet system 
comprising a cylindrical magnet and two annular pole pieces. The magnet has north and south poles at 
axially opposite ends, and the two pole pieces respectively abut the two ends of the magnet. 
Alternatively, the magnet and the pole pieces can be interchanged, so that the system comprises a 
cylindrical pole piece and two annular magnets. This design can produce a magnetic field having a 
strong transverse component in the exhaust channel so as to effectively block the plasma, and yet 
having a strength that rapidly declines with axial distance so as to minimize the magnetic field near the 
iconductor wafer or other workpiece being processed. 
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BRffiF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a plan view of a plasma etching chamber with an exhaust manifold having an 
annular, U-shaped magnet system embedded within an annular protrusion according to the invention. 

Figure 2 is a detail of the magnet system and annular protrusions in the Figure 1 chamber. 

Figure 3 is a perspective view of an annular, U-shaped magnet system with magnetic poles 

facing radially outward. 

Figure 4 is a perspective view of a magnet system whose magnets and pole pieces are 

interchanged relative to the embodiment of Figure 3. 

Figure 5 is a perspective view of an annular, U-shaped magnet system with magnetic poles 

facing radially inward. 

Figure 6 is a perspective view of a magnet system whose magnets and pole pieces are 
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interchanged relative to the embodiment of Figure 5. 

Figure 7 is a detailed plan view of an exhaust mamfold having two annular magnets 
respectively embedded within two annular protrusions according to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 1 Conventional Chamber Components 

Figure 1 shows one embodiment of the invention as applied to a plasma chamber suitable for 
either etching or chemical vapor deposition (CVD). The conventional components of the chamber will 
be described before describing the novel features for preventing the plasma from reaching the exhaust 

pump. . 
10 The illustrated chamber is cylindrical because it is adapted for processtng a circular workp.ece 

such as a semiconductor wafer. Alternatively, a chamber for processing a rectangular substrate 
D conventionally would have a rectangular transverse cross section. 

* A cylindrical side wall 12. circular bottom wall 14. and annular top wall or lid 16 provide a 

S vacuumtightenclosurefor drechamberinterior. A gas distribution plate IS.alsocalledadiffiaseror 
% shower head, is mounted at the bottom of the lid 16. The gas distribution plate is perforated to 
1 function as a gas inlet drrcugh which pr^ess gases enter the chamber. The stde wall 12 may be either 
p dielectric or metal. If the side wall is metal, it will function as an electrically grounded electrode unless 
i it is covered by sufficiendy thick dielectric as explained below. 

K The semtconductor wafer or other workpiece 20 ,s mounted on. or immediately above, a d,sc- 

io shaped metal susceptor or pedestal 22. which, in turn, is mounted in the lower end of the chamber. 
The workpiece 20 typically is clamped or held against the upper surface of the susceptor 22 by a 
conventional chuck such as a mechanical clamptng ring or an electrostatic chuck, not shown. (Another 
conventional alterttative chuck is a pluraUty of lift pins on which the workpiece rests a short dtstance 
above the susceptor. In this patent specification, we deftne "chuck" as any means for holding the 
25 workpiece on or adjacent the susceptor during plasma processing.) 

A vacuum pump 28 exhausts gases from dte chamber through annular exhaust mantfold 30 and 
cyltndrical pumping channel 32 so as to ^uce the total gas pressure in the chamber to a level suttable 
for the plasma process intended to be performed in the chamber, typically in the range of 10 mtlhton to 
20 torr with pressures a. the lower and higher ends of the range being typical for etching and CVD 
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processes, respectively. A throttle valve 34 is mounted within the punnp.ng channel 32. The throttle 
valve regulates the gas pressure v-ithin the chamber by controlling the impedance to gas flow wtthm 
the pumptng channel, thereby controlling the pressure drop across the pumping channel as requtred to 

maintain the desired chamber pressure. 

m a capacitively coupled plasma chamber such as the one tlluslrated in Figure 1 . energy is 
coupled to the plasma by a radio frequency (RF) power supply connected ditec.ly to an electrode 
within the chamber. Typically, the gas distribution plate 18 and the susceptor 22 are electncally 
connected so as to function as anode and cathode electrodes, respectively. Specifically, the RF power 
supply, not shown, is connected to either the anode electrode 1 8 (commonly for plasma CVD) or ,0 the 
cathode electrode 22 (commonly for reactive ion etching). The other electrode may be connected to a 
second electrical power supply, or else ,t may be electrically grounded. The RF power supply 
provides an RF voltage between the cathode and anode electrodes that excites the gases wtthtn the 

chamber into a plasma state. 

As an alternative to capacitive coupling, any other conventional means may be used to couple 
energy to the gases within the chamber to form a plasma. For example, RF power may be coupled to 
the chamber interior by means of an antenna or induction coil, or microwave power may be coupled 
via a microwave wave guide connected to the chamber. RF coupling by means of antennas or 
induction coils is described in commonly assigned US Patents 5,449,432 issued 9/12/95 to Hanawa; 
5 540 824 issued 7/30/96 to Yin e, al.; 5,556.501 issued 9/17/96 to Collins et al.; 5,614,055 issued 
3/25/97 to Fairbaim et al.; 5,683,539 issued 1 1/4/97 to Qian et al.; 5,707,486 issued 1/13/98 to 
Collins- 5 710,486 issued 1/20/98 to Ye et al.; 5,772,771 issued 6/30/98 to Li et al.; 5,783,101 issued 
7/21/98 to Ma et al.; Microwave plasma sources are described in US Patent 5,620.526 issued 4/15/97 
,0 Watatani et al. and in commonly-assigned US Patents 5,683,517 issued 1 1/4/97 to Shan; 5,702.530 
issued 12/30/97 to Shan et al.; 5,788,778 issued 8/4/98 to Shang e. al.; and 5.543,688 issued 8/6/96 
to Morita. The disclosures of the patents identified in this paragraph are hereby incorporated by 

reference into this patent specification. 

Surfaces of chamber components that are exposed to the plasma within the chamber generally 
suffer corrosion or an accumulation of undesirable residue during operation of the plasma chamber. 
To mmimize the need to clean or replace major chamber components, such components commonly are 
covered by a liner or shield that is easily removable for cleaning or replacement. Specifically, m the 
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liner or shield 36, also called the outer liner or outer shield. The cyl.ndncal 

Imer or shieia ot, . ■ ,h is ,ko called the inner liner or susceptor shield. 

22 is coveted by a second cylindrical hner or sh.eld 38, also called 

,naddi,ion,aworMeceshieldnng24restson and covers theportion of thetop surface of the 

endoft e;::r,,ner3Sandrestsen.hecha..erho.to.wa,l 14. The.an..c^^^^^^^^^ 
,esurfaceof.hecha.herhott„™wa,lthatotherwisewouldheexposedtothe,ne„ o 

ring 37 provides a seal between the inner and outer liners. ,„Ht,vthe2as 
Lhoftheshie,ds36,3Sa„d24shou,d.resistan.tocorrosionby.heplas™a^^^^^^^^ 

chen,,stnesant,c,patedtoheusedinthecha™her. .theinustratedplas^ach^™^^^^^^^^ 

ion etching, the outer and inner line. 36 and 38 are anodized alum.nun, and the wor.ptece S 

'""rwever,thebotto.surfaceofthefla„ge40isbarea— ratherthanbein^^^^^^^^^^ 

The bare aluminum prov.des consistently good electrical contact between the tnner l.ner 38 and the 
rettlysroundlhamber bottom wani4,the.byprovidingmo,eco„sisten.perf_oft^ 

I duc or fabrication process perfo^^^ 
::omsurfaceof«a„gc40p.videdinconsiste„.e,ec.ricalcontact.— 

U may be desirable to fabriate the susceptor shield of dielectnc matenal. In that ca.. 

no issue of inconsistent electrical contact with the inner liner. 

Oring37canst,clctotheouter .dinner shields 36 and38.ma.,ngitd,ff,culttoseparatethe 

«dsrtbeya.ebei„greplaced.lfs„,thestic.ingca„bepreventedbyplacinga.h,n,al^^^^^ 

Educes somewhat the RF cu^nt now between the plasma and the metal surfaces covered by the 
ri ds Aneve„g,.ater reduction in suchcurrentnow may bedesrrablein order .oconcentrat . 

;:::,ntheJonad|acenttheworMece20.Thisca„beaccomplishedbyfabricat,ngtbes 

entirely of dielectnc material such as quartz rather than anodizcd aluminum. 

The in„erliner38a„d.e lower half of theouter liner 36,cspec.ivel,funct,o„ as thetnner and 
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outer wa„s of ,he »nu,a, exhaust manifold 30. The annular flange 40 a, the bottom of the .nner hrrer 
38 incudes an areuate aperture 4. aligned with the oyhndrica, pumping channel 32, to perrntt exhaus 

cylindrical pumping channel 32 to the throttle valve 34 and the pump 28. 

The various chamber components described above are described in more detatl m commonly 
assigned U.S. Paten. 5,891.350, rssued 4/6/99 to Shan e. a.., the entire content of which is hereby 
Incoraorated by reference into this patent specification. 

The exhaust ch»nel of the illustrated chamber includes an annular exhaust manrfold and a 

extends around all or most of the azimuth of the chamber interior. The eylindnca, pumptng channel 
coupled to the exhaust manifold at one azimuthal position. Some conventional plasma chambers 
include an annular exhaust manifold coupled directly to the exhaust pump without any intermed.ate 
pumprng channel. Other conventional plasma chambers couple the pump to the chamber tntenor usrng 
only a pumping channel that does not extend around the azimuth of the chamber interior. In thrs pate t 
specifrcatron, the term "exhaust channel" or "exhaust passage" encompasses either an annular exhaust 
manifold or a pumping channel, or the two in combination. 

2 Exhaust Channel and Magnet for Confining Plasma 

The preferred embodiment of the invention, shown in Figures 1-3, employs two features - 
gas flow deflector 44, 46 and a magnet system 50 - that operate synergistrcally to prevent the plasma 
body within the chamber interior from reaching the exhaust pump. 

Speciflcally, the interior of the exhaust manifold 30 includes at least one deflector 44. 46 that 
deflects at leas, a substantia, portion of the exhaust gases tr»versely, instead of allowing all of the 
exhaust gases to flow in an unobstmcted straight path through the exhaust manrfold. (By 
■•transversely" we mean perpendicular to the direction of the path along which the gases would flow 

the absence of the deflector.) „ • v.,,c 

The deflector creates turbulence ,n the flow of exhaust gases Orat increases the rate of colhsrons 
of reactive species in the gases with the deflector and with the walls of the exhaust manifold near the 
deflector The colUsions promote surface reactions among the reactive species so as to produce 
deposits on the walls. This depletes the exhaust gases of the reaetrve species that tend to produce such 
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deposus. thereby greatly reducmg o, elim.nating the concentratioh of such reactive species in the 
exhaust gases downstream of the deflector, and therefore greatly reducing or eliminadng undes.rable 
deposits on the throtde valve 34 and pump 28. 

The deflector also increases the rate of collisions of charged particles in the exhaust gases so as 
,0 promote recombination of such charged particles, thereby reducing the concentration of charged 

particles in the exhaust gases. 

Additionally, a magnet system 50 (comprising elements 52-57, described below, is positioned 
near the deflector 44, 46 so as to produce a magnetic Held wrthin the exhaust manifold near the 
deflector The magnetic field preferably has a substantial component directed transverse to the 
direction of exhaust gas How through the manifold. The transverse component of the magnetrc f.eld 
transversely deflects moving electrons so that they are mo« likely to recombine with posrttve ,ons, 
thereby reducing the concentration of charged particles in the exhaust gases. 

Since the deflector and the magnetic system both reduce the concentration of charged partrcles 
in the exhaust gases, the two in combination can reduce the concentration sufficiently to extinguish the 
plasma downstream of the defiector and magnet system. Specifically, the magnetic field should be 
strong enough, and the turbulence caused by the one or more deflectors should be great enough, so 
that the combined effects of the magnetic field and the deflector prevem the plasma body wtthm the 
chamber from reaching the throtfle valve 34 and exhaust pump 28. 

The plasma confinement effect of the magnetic field perm.ts the use of a wider and/or less 
smuous exhaust channel than would be required to block the plasma without the magnetic field. 
Therefore, the pressure drop across the exhaust channel can be reduced in comparison w,th pnor art 
designs that rely entirely on the sinuousness of the exhaust manifold to block the plasma. 

In the preferred embodiment shown in Figures 1-3, the deflector consists of two coaxtal, 
annular protrusions 44, 46 extending into the gas passageway of the exhaust manifold 30 from the 
walls of the manrfold. The upper protrusion 44 extends radially inward from the outer dielectrrc bner 
36 and the lower protrusion 46 extends radially outward from the inner dielectric liner or cathode 
shield 38 Because the two protrusions overiap each other radially, they do not permrt any of the 
exhaust gases to travel in a stratght line through the exhaust manifold, thereby maximrzing the 
likelihood dtat reactive species in the exhaust gases will collide with either the protrasions or the walls 
of the exhaust manifold. 



Express Mail label no. 
EJ786475756US 



-8- 



AM3536 



We define a "magnet system" as one or more magnets in combination with zero, one or more 
magnetically permeable pole pieces to form a magnetic circuit having a north pole and a south pole. In 
the preferred embodiment of Figures 1-3, the magnet system 50 consists of two annular magnets 52, 
53 mounted coaxially with the annular exhaust manifold 30 and spaced apart along the axis of the 
manifold. The two annular magnets are identical, except that the first (upper) magnet 52 has its north 
and south poles at its radially outer and inner ends, respectively, whereas the second (lower) magnet 
53 has its north and south poles at its radially inner and outer ends, respectively. The magnet system 
50 also includes a cylindrical, magnetically permeable pole piece 54 mounted coaxially with the two 
magnets 52, 53 so as to abut and extend between the radially inner ends of the two magnets, thereby 
completing a magnetic path or "magnetic circuit" between the two magnets. 

Consequently, the north pole 56 of the magnet system 50 is the north pole of the first annular 
magnet 52, i.e., the pole of the first magnet opposite the pole that abuts the pole piece 54. The south 
pole 57 of the magnet system 50 is the south pole of the second annular magnet 53. i.e., the pole of the 
second magnet opposite the pole that abuts the pole piece 54. 

The magnet system 50 preferably is mounted within the lower protrusion 46 so that the ends of 
the north and south poles 56, 57 of the magnet system are as close as possible to the narrow portion of 
the gas passageway within the exhaust manifold that is radially outward of the protrusion. Mounting 
the magnet system close to the narrowest portion of the exhaust manifold passageway is desirable to 
maximize the magnetic field strength to which the exhaust gases are subjected. 

The preferred implementation of the magnet system just described has a U-shaped cross section 
as shown in Figures 1-3, with the base of the "U" pointing radially inward and the open end of the 
"U" pointing radially outward. More specifically, the shape of the magnet system is that of a U- 
shaped horseshoe magnet that is revolved around the longitudinal axis of the chamber. 

The magnetic field pattern produced by this U-shaped magnet system, represented by field line 
58 in Figure 1 , is desirable because it is concentrated primarily within the passageway of the exhaust 
manifold. This concentration has at least two advantages. One advantage is that, as stated above, it 
maximizes the magnetic field strength to which the exhaust gases are subjected, thereby maximizing 
the effectiveness of the magnet in extinguishing the plasma downstream of the magnet. 

A second advantage of the U-shaped magnet system is that the magnetic field strength declines 
rapidly along the longitudinal axis of the chamber, so that the magnetic field strength is low at the 
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workpiece 20. To minimize ll,e risk of damaging tl,e workpiece by ion bombardment or electrostatic 
charge accumulation, the magnetic field suength at the workpiece should be as low as possible, 
preferably no greater than 5 gauss, and more preferably no greater than 3 gauss. The magnet system ,s 
mounted in the lower protrusion rather than the upper protrusion in order to position the magnet 
system as far as possible from the workpiece 20, thereby mmimizing the strength of the magnet.c field 
at the workpiece. 

In our tests of the embodiment of Figures 1-3, we found that the combination of the 
protrusions 44, 46 and the magnet system 50 succeeded in blocking the plasma within the chamber 
from extending downstream of the lower protmsion when the magnets 52, 53 were strong enough to 
produce a magnetic field of at least 100 gauss across the gap between the lower protrusion 46 and the 
outer chamber liner 36. The radial (horizontal) width of this gap was 0.5 inch. To provide an 
additional margin of assurance that the plasma will be blocked, in our preferred embodiment the 
magnet system 50 is 50% stronger than this, so as to produce a magnetic field of at least 1 50 gauss 
across the gap. Even with this stronger magnet system, we found that, in the illustrated chamber, the 
magnetic field strength declined fast enough away from the magnet system so that the magnet.c field 
strength at the workpiece position 20 was less than 3 gauss, which we consider low enough to avoid 

risk of damage to the workpiece. 

Figure 4 shows an alternative magnet system 60 whose magnets and pole pieces are 
interchanged relative to the embodiment of Figures 1-3. Specifically, the upper and lower annular 
members 62, 63 are magnetically permeable pole pieces rather than magnets. The cylmdncal member 
64 is a magnet rather than a pole piece, the cylindrical magnet having a north magnetic pole at the upper 
end of its longitudinal axis abutting the upper pole piece 62 and a south magnetic pole at the lower end 

of its axis abutting the lower pole piece 63. 

A possible alternative implementation of the exhaust manifold could omit the upper protmsion 
44, relying on the combination of the lower protrusion 46 and the magnet system 50 to block the 

plasma. 

Another alternative exhaust manifold design would omit the lower protrusion 46 (which 
extends radially outward from the inner liner 38) and substitute a modified magnet system 51, shown 
in Figure 5, that is mounted within the upper protrusion 44 (which extends radially inward from the 
outer liner 36). The north and south magnetic poles 56, 57 of the modified magnet system 5 1 should 
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51 into, the magneu and pole pieces are mterchanged. (See the preced, g 
'"ltestedtHee.Ha.t,na„,foMde.gn Shown inFi^^^ 
.P«-,o.eta„„.at™a.e.s.,. — .t„^^ 

.ith the south and no«h poles of the lowet magnet. The tesulttng .agnettc 

.agnetie f,eMll„es70, is highly —edtn the regio„of,heexhaust™n,fold*a «^^^^^ 

„dtheteJinc,.asethegaphe.wee„thetwoptottusi„ns.Weus^thesa™e™ag„ets6.6^^^^^ 

(he gap and decreased the magnetic field strength in the gap. 

,„ these tests we fonnd that the plasma was snccessfully blocked from exten mg below he 
lowerprot™s,onwhenthegaphe.ween.he„pperandlowerprotrus,o„was0.5mco.— ^ 

.1 t innnrlSOeauss We also found that, in the lUustratea 
.V f;M Qtrpngth in the eap was at least 100 or 15U gauss. 

Z: IglfteMst 

"ngth at he wor.plece position 20 was less than 3 gauss, wh.ch we cons.der low enough to 
lis:ofdamagetotHew„rMece.However,whe„wetestedaw 
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,„ „„,y one procrusion as in fte Rgure . design ^.^^ 

,n an alternative implementation tltat om.ts the outer titeleetnc 
e„„,afune,io„as.heo.terwa„oftheannu,are.Ha„st.an,fo,d.Thecha..rwa,icou.d,ne,uaean 

^^^^^^^ 

,Jpona,n..a.et.o.t.eH.re.e— ntWetes^aprototypet..^^^^^^ 

susceptible to damage by ion bombardment or electrostatic charge accumulaaon. 

Moregenerally,thedeflec.or44,46needno.^oneormoreprot,.s,onse.e„d,ngf..mthe 

.allsoftheehaustchannel,bu.ca„beanystructurewi.hinthee.haustchan„elthatcauses 

and it will promote surface reactions among reacttve species so that react.on prCnCs be dep 
on surfaces near Ure deflector rather than on pumptng components 28, 34 downstt^am. 

:edenec,orand.nagnetsystemcanbemountedinanypa„ofthee.haustc^^^^^^^^^^^ 

""I^materralsbetweenthemaguetsystemandtheinteriorofthee..^^^ 
shouldbe o„-m sn ticsoastoavoidblocKingthemagneticfteldfromreachtngtheexhaustgase 

:::t!tlarlier,inthep„ferredembodimentthepro.msions,nwh,chthemagnetsystem,smou„.. 
^''^""rystemprr.ucesasufrtcientlystrongmagnet.^ 

.egas;o!thro:sht:ee.haustcha„ne,,suchmag„eticr,eldcanbloc.thep,asmafrome«e„d,ngto 
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the exhaus, pump downstream of the magnet system without the need for any deflector in the exhaust 
channel. Therefore, in an alternative embodiment of the invention havtng such a strong magnet 
system, the deflector can be completely omitted. 

To equalize the exhaust gas flow rate around the azimuth of the chamber, it is preferable to 
slightly reduce the radial wtdth of the exhaust mamfold near the azimuth of the pumping channel and to 
slightly tnctease its radial width ne=u the opposite azimuth, i.e., near the azimuth 180 degrees away 

from the pumping channel. 

The directions of the magnetic fields can be reversed without affecting the operatton of the 

invention Therefore, all references to north and south poles can be interchanged. 

The illustrated plasma chamber has circular symmetry because it is intended for processing a a 
single circular semiconductor wafer. In plasma chambers having other geometries, such as chambers 
for processing multiple substrates or rectangular substrates, the components of the invemion such as 
the deflector and magnet system would ^ expected to have rectangular or more complex geometnes. 
The ,e™ "annular" as used in this patent specification is not intended to Itmit the described shape to 
one having a citcular rnner or outer perimeter, but encompasses rectangular shapes and more complex 
shapes. 
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